, mortality for 0-6 days, 7-27 days, 28-365 days, 1-4 years, 5-9 years, 10-14 years, …, 80+ years.
Equation 1
n/2, the average number of person years lived in the age group (x, x+n) by those dying in the age group.
Equation 2
• • , probability of dying between ages x and x+n Equation 3 1.00, probability of dying for the open-ended age group Equation 4 1-, probability of surviving from age x to age x+n Equation 5 , number of persons at age x Equation 6 • , number of persons left alive at age x+n Equation 7 , number of deaths between age x and x+n Equation 8
• • , person years lived between age x and x+n Equation 9 , person years lived for the open-ended age group Equation 10 ∑ , person years lived above age x Equation 11
, life expectancy at age x Equation 12 Calculation of HALE using Sullivan's method Sullivan' s method is one of the most widely used methods to compute health expectancy. 2, 3 Although criticized of excluding the possibility of recovering from disability to health, 3 it can produce reliable estimation of health expectancy if no sudden or significant health events happen. 4, 5 d is the years lived with disability (YLDs)
per person in age group (x, x+n) and represents the proportion of time with disability in age group (x, x+n).
Decomposition of HALE changes
Nusselder & Looman decomposition method was used to decompose the HALE changes between time points t and t+i (i>0) into the contribution of disease or injury groups. 6 This method is based on the Sullivan's method and is also an extension of the decomposition method for life expectancy proposed by The decomposition is carried out through four steps:
Step 1. To decompose HALE changes into the contribution of mortality effect and disability effect.
∆ HALE * * (x≥a) Equation 14
∆ HALE is the changes in HALE (a is an exact age, i.e., 0 years old in this study, and researchers can change it into other ages as they need) between time points t and t+i, which is caused by the changes in the person years lived without disability in age group (x, x+n). h and h are the proportions non-disabled in age group (x, x+n) at time points t and t+i, respectively. d and d are the proportions disabled, i.e., YLDs per person, in age group (x, x+n) at time points t and t+i, respectively. L and L are the person years lived in age group (x, x+n) at time points t and t+i, respectively. l is the number of persons at exact age a at time point t.
Then, we obtain mortality effect ( MOR , which is the changes in HALE at exact age a caused by the changes in person years lived in age group (x, x+n) between time points t and t+i; and disability effect ( DIS ), which is the changes in HALE at exact age a caused by the changes in proportion disabled in age group (x, x+n) between time points t and t+i.
Step 2. To obtain mortality effect by age and cause.
MOR * ∆ L * TOT Equation 22
Where MOR is the mortality effect brought by cause k in age group (x, x+n). ∆ L is the changes in person years lived in age group (x, x+n) brought by cause k. TOT is the changes in life expectancy at exact age a, which is brought by changes in person years in age group (x, x+n) due to cause k. In above equation, TOT is the changes in life expectancy at exact age a, which is caused by any changes in all the causes in age groups (y, y+n) (a=<y<=x). Theoretically, TOT includes three parts: (1) direct effect ( DE ) is the effect caused by the mortality changes in age group (x, x+n) (y=x); (2) indirect effect ( IE ) is the effect caused by the mortality changes in younger age group (y, y+n) (y<x), which produces a change in the number of survivors at the end of the age groups, y+n. These increased or decreased survivors later go through age group (x, x+n) according to original mortality in age group (x, x+n) and influences the number of person years; (3) interaction effect ( I ) is the combination of the changed number of survivors at the exact age y+n and the changes in mortality in age group (x, x+n) (y<x). Then, We assume that contribution of cause k to changes in life expectancy at exact age a, TOT , is proportional to its contribution to the mortality changes in age group (y, y+n), i.e., C .
C
Then, the summation of MOR over different age groups gives the total mortality effect due to cause k (MOR ). The positive (negative) value of MOR indicates that the mortality brought by cause k decreased (increased) between time points t and t+i, which extends (reduces) HALE at time point t+i.
In
Step 2, to avoid having the results of the decomposition depend on whether 1990 or 2013 is used as a reference, we averaged the components of the difference between two scenarios with 1990 and 2013 as baseline time points, respectively.
12
Step 3. To obtain disability effect by age and cause.
DIS * ∆ h Equation 31
∆ h h h Equation 32
h 1
Appendix D: Top 10 positive and negative contributors to changes in health adjusted life expectancy at birth in terms of total, mortality, and disability effect 
